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INTRODUCTION
A previously described eimerian, Eimeria sceloporis,
from the northwestern fence lizard, Sceloporus occidentalis
occidentalis, was observed for oocyst production, incidence
and intensity of infection in both juvenile and adult
lizards.

In order to test the species specificity of

Eimeria ahtanumensis, an attempted transmission was made
to Sceloporus poinsetti, Sceloporus jarrovi, Sceloporus

.

undulatus and Sceloporus occidentalis.
During the winter of 1970-1971 fecal samples were
collected from Sceloporus poinsetti to determine possible
coccidial infections.

The lizards were collected in

September of 1970 in Hidulgo County, New Mexico and the
ensuing investigation showed that nine of the thirteen
adults were passing an intestinal form of Eimeria.
Because of the differences between the coccidian described
in the present study and other known species, it is
proposed that the new species be named Eimeria poinsettis.

1

LITERATURE REVIEW
As far as the author is aware no investigation on
the production of eimerian oocysts in the western fence
lizard, Sceloporus occidentalis, has been published in
the literature.

Bovee and Telford (2) described the

endogenous development and sporulation of Eimeria sceloporis,
but did not mention oocyst production.

Within the context

of this paper oocyst production in naturally infected
juveniles and adult Sceloporus occidentalis will be
discussed.
Coccidia of lizards are cosmopolitan in distribution
and the incidence of Eimeria ahtanumensis infections within
a population of Sceloporus has been described by Clark (4).
Bovee and Telford (2) in their original description of the
new species Eimeria sceloporis, mentioned that the host
Sceloporus occidentalis biseriatus was a juvenile, but
failed to make a survey of the incidence of infection
within that population.

Telford (8) states that two of

43 Sceloporus occidentalis biseriatus were infected with
Eimeria sceloporis.

Accordingly, the intensity of Eimeria

sceloporis has been treated but cursorily.

2

3

Attempted transmissions as a taxonomic tool has been
utilized by Todd and Hammond (9) as a means of determining
the host specificity of Eimeria callospermophj.li and again
(10) for Eimeria larimerensis.

MATERIALS, METHODS, AND RESULTS
Incidence and Intensity of
Eimeria sceloporis
Twenty juvenile and 37 adult Sceloporus occidentalis
were collected in Yakima County, Washington.

The immature

lizards were approximately three weeks old and averaged
2.8 cm. in length, with the adults averaging 6.5 cm.
(snout-vent measurements).

They were transported to

Central Washington State College, placed in separate
containers, and subsequently examined for the presence
of oocysts from Eimeria sceloporis.

The small lizards

were fed fruit flies and small meal worms and the larger
lizards were maintained on meal worms and grasshoppers.

In

order to make uniform oocyst counts, 0.05 grams of feces
were mixed with 1 ml. of saline and a loop of this mixture
counted on a hemacytometer.

Observations were made

utilizing a phase microscope at 200x magnification.
Fecal examination showed oocyst production in 15
of the 20 juveniles and 36 of 37 adult lizards.

Based on

oocyst counts, the intensity of infections varied from
very light in the adults to heavy in the immature lizards.
Assuming that the remaining five juveniles were
infected but still in the prepatent period, daily examination of fecal pellets passed by these individuals was
4
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carried out.

At the same time oocyst counts were begun ort

four of the infected adults to ascertain a cycle of oocyst
production in chronically infected individuals.

Within one

week the remaining young lizards began passing oocysts.
Figure 1 shows the five juveniles' average oocyst
production over 26 days.

The peak of oocyst production was

reached on the eigth day of patency after which a decline
in the oocyst output ensued.

By the twenty sixth day the

production of oocysts was in a chronic stage.
Figure 2 shows the oocyst production in four adult
Sceloporus with three of the four adults examined showing
moderate infections throughout the period of examination.
The remaining adult exhibited a heavy oocyst count on the
tenth day of observation.
One hundred six adult and 38 juvenile Sceloporus
occidentalis were collected in Yakima and Klickitat
Counties of Washington, brought back to Central Washington
State College and placed in separate containers.

The lizards

were maintained on meal worms and their fecal samples
collected daily and placed in normal saline, mascerated
and inspected for the presence of eimerian oocysts.

The

investigation was affected with a phase-contrast microscope
at 200x magnification.

Figure 1.

Average oocyst production in five juvenile,
Sceloporus occidentalis naturally infected
with Eimeria sceloporis.
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Figure 2.

Oocyst production in four adult Sceloporus
occidentalis naturally infected with
Eimeria sceloporis.
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Table 1 shows the incidence of Eimeria sceloporis and
Eimeria ahtanumensis infections in 92 adult Sceloporus
occidentalis, which averaged 6.5 cm. snout-vent length
and 38 juveniles, which averaged 2.8 cm. snout-vent length.
The remaining 14 adults were found to be infected with
only Eimeria sceloporis.
Attempted Transmissions
In September of 1970, 13 adult Sceloporus poinsetti
captured 4.5 miles from Antelope Wells iri Hidulgo County,
New Mexico; one adult Sceloporus undulatus from Grant
County, New Mexico; and 13 adult Sceloporus jarrovi from
Cochise County, Arizona, were placed in separate
herpetology bags and shipped to Central Washington State
College.

Upon their arrival, the lizards were placed in

separate containers to be subsequently examined for oocyst
production to determine possible eimerian infections.

All

of the aforementioned lizards were maintained on meal
worms throughout the study.

Fecal samples from the

lizards were placed in .5 ml. of saline, carefully
mascerated, and a loop of this mixture placed on a
25 mm x 25 mm slide.

Determinations were made utilizing

a phase microscope at 200x magnification.

Table 1
Incidence of Eimerians in SceloEorus occidentalis

Number
Collected

Age Class

Number
Infected

Percent of
Total Pop.
Infected

Type of Infection

Ahtanum Canyon, Yakima County, Washington
92

38

Adult
(Average)
(6.5 cm.)

Juveniles
(Average)
(2.8 cm.)

83

90

70
18

20

76

5

5

65

88

71
96

31

82

3

8

29
1

76

2

32

3
5
84

Eimeria sceloporis
Eimeria ahtanumensis
Only Eimeria sceloporis
Only Eimeria ahtanumensis
Both E. sceloporis and E. ahtanumensis
Either E. sceloporis or-E. ahtanumensis
Eimeria sceloporis
Eimeria ahtanumensis
Only Eimeria sceloporis
Only Eimeria ahtanumensis
Both E. sceloporis and E. ahtanumensis
Either E. scelO£Oris or-E. ahtanumensis

Satus Pass, Klickitat County, Washington

10

Adult

3
0

33
0

Eimeria sceloooris
Eimeria ahtanumensis

Columbia Gorge, Klickitat County, Washington
4

Adult

2

0

50
0

Eimeria sceloporis
Eimeria ahtanumensis

--------------------------------------------------------------1..0
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Of the 13 Sceloporus poinsetti, four were found to be
negative for oocyst production and two of these were chosen
for an attempted transmission.

The Sceloporus undulatus

was found to be positive for the production of an
intestinal eimerian oocyst, but negative for any gall
bladder forms.

It was decided to attempt the same trans-

mission into this species of Sceloporus.

Of the 13

Sceloporus jarrovi, nine were found to be negative for
oocyst production and two of these were selected for an
attempted transmission.
Several adult Sceloporus occidentalis were captured
in Yakima County, Washington and found to be infected with
Eimeria ahtanumensis.

Their gall bladders were excised and

an innoculum prepared with normal saline and a small
aliquot of gall bladder fluid~
Two of each of two species of Sceloporus:

poinsetti,

jarrovi and one undulatus and an occidentalis found to be
negative for eimerian infections were given 1 ml. of normal
saline containing approximately 4000 sporulated oocysts
of Eimeria ahtanumensis with a micropipet inserted into the
throat.
Two months later all six were sacrificed and histological preparations made of the gall bladder, bile duct,
and intestine stained with Harris' hematoxylin and eosin Y.

11

All of the attempted transmissions were found to be negative
with the exception of Sceloporus occidentalis.
Life Cycle of Eimeria poinsettis
As previously described, nine of the 13 Sceloporus
poinsetti collected in Hidulgo County, New Mexico were
found to be passing an intestinal form of Eimeria.

The

oocysts were observed from fecal samples mascerated in
normal saline.

A small loop of this liquid was placed on

a clean slide, cover slipped, sealed with petroleum jelly,
and placed under bright-field and phase-contrast microscopy
at 200-lOOOx magnifications.

Fifty oocysts were measured

with a calibrated ocular micrometer and oil immersion
objective.
Sporulation of the oocysts was affected by placing them
in two percent potassium dichromate and aeration for one
week at room temperature.

The sporozoites were freed by

placing the sporulated oocysts between clean slides and
applying pressure.
Four of the adult lizards were sacrificed and
sections prepared of their small and large intestines,
stained with Harris' hematoxylin and eosin Y.
serial sections the life cycle was studies.

From these
All measure-

ments are in microns, with means given in parentheses
following the range and n equals the total number in the
sample.

12
The oocysts (Figures 3 and 4) were almost spherical
with the sporulated oocysts 24-31 by 21-26 (28.6 by 23.8,
n

=

52) and a length/width ratio of 1.19.

No oocyst

residium, micropyle or polar cap was observed.
Sporocysts were also almost spherical 9.5-12 by
7-10.5 (10.3 by 8.8, n
1.17.

=

52) with a length/width ratio of

The compact, rounded sporocyst residium was composed

of lucid spherical granules of varying sizes and was
located against one side of the sporocyst.

The sporozoites

were elongate, with one end narrower than the other, lying
head to tail in the sporocyst.

No steida body was present.

Excysted living sporozoites (Figure 5) examined with
phase-contrast microscopy had a larger, 2.2 x 2.2, spherical
refractile body located at the anterior end and a smaller,
2.2 x 1.6, elongate refractile body at the posterior end.
The nucleus was located approximately in the middle of the
sporozoite and measured 3.3 x 3.3, which nearly filled the
width of the sporozoite.
(13.9 by 3.3, n

=

Sporozoites were 11-18 x 2.8-3.9

6) and had a length/width ratio of 4.22.

All stages of schizogony and gametogenesis were
found in epithelial cells of the small intestine.

The

crypts between the villi (Figure 6) were the most heavily
infected and in the case of severely infected animals up
to twenty percent of the cells in the crypt were
parasitized.

Figure 3.

Sporulated oocyst of Eimeria poinsettis,
X

Figure 4.

400.

Sporulated oocyst of Eimeria poinsettis
showing sporocyst residium, x 1000.
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Figure 3

Figure 4

Figure 5.

Excysted living sporozoite showing the
nucleus and two polar refractile bodies,
X

1000.

Photomicrographs of stages in the life
cycle of Eimeria poinsettis.

Figures 3,

4 and 5 fresh preparations in two percent
potassium dichromate.

Figure 6.

Crypt and lower one half of microvilli
showing the intensity of Eime_Eia
2oinsettis infection, x 100.

Photomicrographs of stages in the life cycle
of Ei~~ria poinsett~E_-

Figures 6-19 f:r:om

from tissues fixed in Bouins and stained
with Harris' hematoxylin and eosin Y.
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Figur e 5

Figar e 6
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Young trophozoites (Figure 7) were rounded and
frequently caused an indentation in the host cell, covering
the cilia.
While schizonts having approximately eighteen
merozoites (Figures 8, 9, and 10) and others having six
merozoites (Figure 11) were observed, the number of
asexual generations was not ascertained.

Mature schizonts

having approximately eighteen merozoites were those most
frequently found •.
Immature microgametocytes (Figure 12) averaged
slightly smaller than the mature microgametocytes (Figure
13), which were 8.8-11 by 6.6-8.8 (9.9 by 8.1, n = 8).
During early microgametogony, the nucleus apparently
divides and the nuclear material is dispersed randomly
throughout the organism.

In intermediate stages (Figure 12)

the cytoplasm coalesces about individual nuclei and each
structure then becomes a gamete that is distributed at the
periphery of the organism.

While no free microgametocytes

were seen, the mature gametes within the organism (Figure
13) were seen to be fully flagellated.
Young macrogametes had a relatively large nuclei,
each with a profilinent centrally located nucleolus
14).

(Figure

Stained with Harris' hematoxylin and eosin Y, the

immature macrogametes showed numerous clear vacuoles.

Figure 7.

Young trophozoite causing indentation in
host cell and covering the cilia, x 1000.

Figure 8.

Mature schizont in cross section, x 1000.
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Figure 7

Figure 8

Figure 9.

Mature schizont in longitudinal section,
1000.

X

Figure 10.

Merozoites rupturing from schizont,
X

1000.
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Figure 9

Figure 10

Figure 11.

Mature schizont in cross section showing
merozoites, x 1000.

Figure 12.

Intermediate stage in microgametogony
showing cytoplasm coalesced about the
nuclei, x 1000.

18

Figure 11

Fi g ure 12

Figure 13.

Mature microgametocyte showing fully
flagellated microgametes, x 1000.

Figure 14.

Young macrogametocyte showing large
centrally placed nucleolus, x 1000.
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Figure 13

Figure 14
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During the maturation macrogametes (Figure 15) were 10-12
by 6.6-7.7 (10.3 by 7.5, n = 8) and stained darker.

The

outline of the nucleus and nucleolus became less distinct
and arrangement of peripheral plastic granules ensued.
Numerous young oocysts (Figure 16) were seen with the
peripheral plastic granules present, but the nucleus and
nucleolus were nearly invisible.

As the plastic granules

coalesced helping to form the oocyst wall, the nucleolus
became more distinct and the nuclear membrane began to
reform (Figure 17).
place in situ.

All of the preceeding events took

The mature oocysts were passed into the

lumen of the small intestine, leaving the indentations in
the columnar epithelium readily discernible (Figure 18).
Upon inspection of numerous serial sections, it was
observed that the cells on the tip and upper one half of
the microvilli showed little parasitism (Figure 19), while
the crypts and lower one half of the microvilli often
showed heavy parasitism (Figure 6).

Figure 15.

Mature macrogametocyte showing peripheral
plastic granules, x 1000.

Figure 16.

Young oocyst with peripheral plastic
granules, x 1000.
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Figure 15

Figure 16

Figure 17.

Mature oocyst with nucleus reforming,
X

Figure 18.

1000.

Indentation in the columnar epithelium
where parasites developed, x 1000.
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Figure 17

Figure 18

Figure 19.

Tip and upper one half of microvilli
showing typical light infection, x 100.
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Figure 19

DISCUSSION
Based on the oocyst production counts of juvenile
Sceloporus occidentalis, it was seen that the intensity
of infections varied from very light to heavy.

This was

due, at least in part, to the individuals being in
different stages of patency.

As pointed out by Figure 1,

lizards sampled during the first or second day of patency
or again after the fifteenth day would show signs of light
infections.

Sampled during the third through fourteenth

day of patency they would have shown moderate to heavy
signs of infection.

Taking into consideration the large

number of merozoites produced from each schizont and the
immense number of macro and microgametes produced from
each merozoite during schizogony, it is axiomatic that
there would be a "wave" of infectious oocysts.

The

subsequent decline and moderate to low levels of oocysts
discharge are due, at least in part, to the immune response
of the host as described by Hammond et al.
bovis and by Todd and Hammond (9).

(6) for Eimeria

It is noteworthy that

the five juvenile lizards appeared to be in good health
despite the very heavy oocyst counts during the acute
stages of the infection.
Upon inspection of adult Sceloporus occidentalis, it
was ascertained that the infections were generally moderate
24
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in intensity.

One of the lizards shown in Figure 2 exhibited

a heavy oocyst count on the tenth day of observation and
this may have· been due to either a re-infection or the
result of an initial infection for this individual.

The

latter is more probable.
Some minor peaking of oocyst production was exhibited
in the rem~ining three adult lizards, however, it was not
possible to correlate these small fluctuations with
corresponding waves in schizogony, gametogony, and
sporogony as has been described in such animals as the
mongoose (3).
Under normal field conditions these lizards are
undoubtedly being subjected to extensive re-infection.
Both juvenile and adult Sceloporus were observed during
this experiment to roll fecal pellets with their tongues
both in the field apd in the laboratory.
Of the 106 adult and 38 juvenile Sceloporus
occidentalis occidentalis, 119 individuals or eighty three
percent of the sample was found to be infected with
Eimeria sceloporis.

This is considerably higher than

infections of Eimeria sceloporis in Sceloporus occidentalis
biseriatus, which were reported by Telford (8)
individuals or five percent of his sample).

(two of 43

. 26

Of the 92 adult Sceloporus occidentalis occidentalis
that were sampled in the Ahtanum Canyon, seventy six percent
were found to be parasitized with Eimeria ahtanumensis
(Table 1), while only eight percent of the juveniles from
that population were infected with that same parasite.
This may be explained by the fact that Eimeria ahtanumensis
primarily undergoes endogenous infection, as reported by
Clark (4) with few infective oocysts being found in the
fecal material, hence a relatively slow spread of this
eimerian to the juvenile population.
Though the samples are small from Satus Pass and
the Columbia Gorge area, it is noteworthy that Eimeria
ahtanumensis has not been found there.
As indicated by Table 1, adult and juvenile lizards
from the Ahtanum Canyon showed a high (ninety six and
eighty four respectively) percent of infection from
either Eimeria sceloporis or Eimeria ahtanumensis.

In the

adult lizards from the Ahtanum Canyon seventy one percent
have a double infection, while only five percent of the
juveniles showed double infections.

This may be due to

the relatively slow spread of Eimeria ahtanurnensis through
the new members of the population.
The most common single infection encountered in
either the adults or juveniies was Eirneria sceloporis.

27

Although eimerians have been thought to be highly host
specific, the literature provides us with a number of examples
where attempted transmissions have proven successful at
both the species and generic level.
Eimeria mohavensis occurs naturally only in Dipodomys
panamintinus mohavensis, as reported by Doran (5).

He was

able to experimentally transmit this eimerian to two other
subspecies of Dipodomys panamintinus, and to five other
species within this genera; but failed to infect seven
other genera.
Levine and Ivens (7) have made 47 unsuccessful
attempts to transmit Eimeria from one rodent genus to
another, while Todd and Hammond (9 and 10) report that
Eimeria callospermophili naturally infects both ground
squirrels (Spermo2hilus) and whitetailed prairie dogs
(Cynomys).

They explain the exogeneric infection by the

fact that both genera are closely related, taxonomically,
and diverged from a common anscestoral line (10).
All of the aforementioned does not invalidate the
use of attempted transmissions as a taxonomic tool.

Eimeria

assaensis was given a species standing, partially due to
an investigation by Todd and Hammond (9), which showed a
failure in transmitability of Eimeria callospermophili to
Meriones unguiculatus.

28
Sceloporus occidentalis occidentalis is found to be
naturally infected with Eimeria ahtanumensis, as reported
by Clark (4) and within the context of this paper.

This

lizard was the only species of the four tested within this
genera, that proved positive for the attempted transmissions.
E. poinsettis resembles E. sceloporis in that both
infect the upper small intestine and this is enough to
separate these two species from many other eimerians
infecting reptiles (1, 2, and 8).
Eimeria poinsettis differs from Eimeria sceloporis in
a number of ways:

(1) the oocyst of E. poinsettis is almost

spherical with a length/width ratio of 1.19, while E.
sceloporis is ovoid to elliptical at an index of 1.23 (2).
(2) The sporocysts of!· poinsettis had an index of 1.17,
while~- sceloporis were 1.14.

(3) The sporozoite of E.

poinsettis is appreciably larger, being 13.9 by 3.3 with
an index of 4.22, while E. sceloporis is 7.5 by 3 with
an index of 2.5.

(4) The sporozoite nucleus of E.

poinsettis was 3.3 and round, while E. sceloporis was ovate
at 1.0.

The sporozoites of!· poinsettis contained two

refractile bodies:

one 2.2 and round, the second an

elongate 2.2 x 1.6, while~- sceloporis contained only
one at 1.5.

(5) During sporulation in two percent

potassium dichromate, anomalous sporocysts are reported (2)
as frequent in the sporulation of Eimeria sceloporis,

29

while few were found during the sporulation of E. poinsettis.
(6) While the number of asexual generations is not know,
E. poinsettis has schizonts containing approximately
eighteen merozoites and other schizonts containing six,
while E. sceloporis has either 32 or 64 or schizonts
containing 16 or 32 merozoites.

(7) The host for E.

poinsettis is S. poinsetti, while the hosts for~- sceloporis
are S. clarki, ~- occidentalis, and~- magister.

s.

poinsetti is isolated geographically from S. occidentalis;
but sympatric with S. clarki and S. magister.

These seven

distinctions are more than adequate to justify naming the
organism as separate new species.
It is worth noting that Bovee and Telford (2) stated
that oocysts with an index of 1.4 or less, i.e. nearly
spherical or elliptical are parasites of the small intestine,
while those of a greater index inhabit the biliary tract
and gall bladder.

The index of Eimeria poinsettis oocysts

is 1.19 and is offered in further support of this theory,
though the significance of this size-shape relationship
to site is still unknown.
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